In this paper, we consider the intuitionistic fuzzy sets in a ternary semigroup and the corresponding sets of intuitionistic fuzzy points. We analyze some relations between the intuitionistic fuzzy ideals of a ternary semigroup T and the sets of intuitionistic fuzzy points.
Introduction
In 1932 Lehmer [6] , gave the formal definition of a ternary semigroup but earlier such structures were studied by Kasner and Prüfer. Banach shows that any semigroup can be reduced to a ternary semigroup but ternary semigroup does not necessarily reduce to a semigroup and provide some examples e.g. T = {−i, 0, i} is a ternary semigroup which is not a semigroup under the multiplication of complex numbers. Also Z − is a ternary semigroup but not a semigroup under the integers multiplication. In [10] , Sioson worked on the ideal theory in ternary semigroups.
In 1965 Zadeh [13] introduced the concept of fuzzy sets. In 1986, Atanassove [1] , introduced the notion of intuitionistic fuzzy sets which is a generalization of fuzzy sets. The fuzzy sets give the degree of membership of an element in a given set but the intuitionistic fuzzy sets give the both a degree of membership and a degree of non-membership. Both degree of membership and degree of non-membership are real numbers between 0 and 1 having sum not greater than 1. Fuzzy sets are intuitionistic fuzzy sets but the converse is not necessarily true [9] . For more details on intuitionistic fuzzy sets, we refer to [1] [2] [3] .
Preliminaries
Definition 2.1. [6] A ternary semigroup T is a non-empty set whose elements are closed under the ternary operation of multiplication and satisfy the associative law defined as For simplicity we shall write [abc] as abc. A non-empty subset A of a ternary semigroup T is called a ternary subsemigroup of T if AAA = A 3 ⊆ A, and is called an idempotent if AAA = A 3 = A. By a left (right,lateral) ideal of a ternary semigroup T we mean a non-empty subset A of T such that TTA ⊆ A (ATT ⊆ A, TAT ⊆ A) and an ideal is that which is left, right and lateral ideal of T. A subsemigroup A of a ternary semigroup T is called an interior ideal of T if TTATT ⊆ A and is called a bi-ideal of T if ATATA ⊆ A. An ideal A of a ternary semigroup T is said to be prime if for ideals B, C, D of T, BCD ⊆ A implies that B ⊆ A or C ⊆ A or D ⊆ A, and A is called semiprime if for any ideal I of T, III = I 3 ⊆ A implies that I ⊆ A. Every left(right,lateral) ideal of a ternary semigroup T is a bi-ideal of T but the converse is not true in general. Also the intersection of any number of bi-ideals of T is a bi-ideal of T.
A fuzzy set µ in a non-empty set T is a function, µ : T → [0, 1] and the compliment of µ, denoted by − µ is the fuzzy set in T given by
Definition 2.2. [1] An intuitionistic fuzzy set (briefly, IFS), A in a non-empty set X is an object having the form, 
For simplicity, we shall use IFS for intuitionistic fuzzy set and
Definition 2.3. [4] Let α, β ∈ [0, 1] with α + β ≤ 1 then an intuitionistic f uzzy point, written as x (α,β) is defined to be an intuitionistic fuzzy subset of T, given by x (α,β) (y) = (α, β), if x = y; (0, 1), otherwise.
Intuitionistic fuzzy points and ideals in ternary semigroups
In what follows, let T denotes a ternary semigroup unless otherwise specified.
Definition 3.1. An IFS A = (µ A , γ A ) in a ternary semigroup T is called an intuitionistic fuzzy ternary subsemigroup of T if Alternatively we can define,
It is clear that any intuitionistic fuzzy left(right, lateral) ideal of T is an intuitionistic fuzzy subsemigroup of T but the converse is not true. 
Definition 3.7. An intuitionistic fuzzy ternary subsemigroup, A = (µ A , γ A ) of T is called an intuitionistic fuzzy prime ideal of T if 
and
The following lemma is easy to prove. 
Main Results

Let (T) be the set of all intuitionistic fuzzy subsets of a ternary semigroup T. For any three intuitionistic fuzzy sets
otherwise.
It is clear that A • B • C ∈ (T) and also for A, B, C, D and E ∈ (T), we have
Hence (T) is a ternary semigroup with the product
If {A i , i ∈ I} be a collection of intuitionistic fuzzy subsets of T then their intersection ∩A i = (∧µ A i , ∨γ A i ) is an intuitionistic fuzzy subset of T where,
Let T be the set of all intuitionistic fuzzy points in the ternary semigroup T, then for any
we have
Also it satisfies that
Hence T is a ternary subsemigroup of (T). For any
and C = (µ C , γ C ) be three intuitionistic fuzzy subsets of a ternary semigroup T, then
Lemma 4.2. Let A = (µ A , γ A ) be a non-empty intuitionistic fuzzy subset of a ternary semigroup T, then A is an intuitionistic fuzzy ternary subsemigroup of T if and only if A is a ternary subsemigroup of T.
Proof. Let A = (µ A , γ A ) be an intuitionistic fuzzy ternary subsemigroup of T and
Hence A is a ternary subsemigroup of T.
Conversely, we assume that
Since A is a ternary subsemigroup of T, so that
which implies that
Hence A is an intuitionistic fuzzy ternary subsemigroup of T. Proof. Let A be an intuitionistic fuzzy bi-ideal of T. Then A is an intuitionistic fuzzy ternary subsemigroup of T and by Lemma 4.2, A is a ternary subsemigroup of T. Let
As A is an intuitionistic fuzzy bi-ideal so we have,
This implies that A T A T A ⊆ A.
Hence A is a bi-ideal of T.
Conversely, we suppose that A is a bi-ideal of T then A is a ternary subsemigroup of T and by Lemma 4.2,
A is an intuitionistic fuzzy ternary subsemigroup of T. Let x, y, z, l, m ∈ T.
As A is a bi-ideal of T, so we have,
which implies that (ii)⇒ (i): We suppose that A is an interior ideal of T. Let x, y, z ∈ T. Since T is a regular ternary semigroup then x = xax for some a ∈ T. If µ A (x) = 0 and ν
Since A is a right ideal of T, then we have,
∈ A (Since A is an interior ideal), which implies that, µ A (xzy) ≥ µ A (x) and ν A (xzy) ≤ ν A (x). Hence A is an intuitionistic fuzzy right ideal of T.
Lemma 4.9. A ternary semigroup T is regular if and only if the ternary semigroup T is regular.
Proof. Let T be a regular ternary semigroup and x (α,β) ∈ T, then x ∈ T and there exist a ∈ T such that x = xax (since T regular) and a (α,β) ∈ T then
Hence T is a regular ternary semigroup.
Conversely, we suppose that T is regular and x ∈ T. Then for any α, β ∈ [0, 1], there exist an element a (γ,δ) ∈ T such that
This implies that x = xax and a ∈ T. Hence T is a regular ternary semigroup.
Theorem 4.10. [12] The following conditions on a ternary semigroup T are equivalent:
(i) T is regular.
(ii) R ∩ M ∩ L = RML for every right ideal R, every lateral ideal M and every left ideal L of T.
Lemma 4.11. For a ternary semigroup T, the following conditions are equivalent:
Proof. (i)⇒ (ii): We suppose that T is regular. It is obvious that B • C • A ⊆ B ∩ C ∩ A. Let x ∈ T and T is regular then there exist a ∈ T such that x = xax. Now as
(ii)⇒ (i): We suppose that B ∩ C ∩ A = B • C • A, hold for every intuitionistic fuzzy left ideal A, intuitionistic fuzzy right ideal B and intuitionistic fuzzy lateral ideal C of T.
Let L, R, and M be the left, right and lateral ideals of T. It is obvious that
Then by Lemma 3.9, (χ L , χ L ), (χ M , χ M ) and (χ R , χ R ) be the intuitionistic fuzzy left, lateral and right ideals of T.
This implies that there exist r, s, t ∈ T such that x = rst
Hence by Theorem 4.10, T is a regular ternary semigroup. Proof. Let A = (µ A , γ A ) be an intuitionistic fuzzy semiprime ideal of T.
Conversely, We suppose that A be a semiprime ideal of T. Let µ A (x 3 ) = α and ν A (
. Hence A is an intuitionistic fuzzy semiprime ideal of T.
Theorem 4.14. Let A = (µ A , γ A ) be a non-empty intuitionistic fuzzy subset of a ternary semigroup T. Then A is an intuitionistic fuzzy prime ideal of T if and only if A is a prime ideal of T.
Proof. Let A = (µ A , γ A ) be an intuitionistic fuzzy prime ideal of T. Then µ A (xyz) = max{µ A (x), µ A (y), µ A (z)} and ν A (xyz) = min{ν A (x), ν A (y), ν A (z)} for all x, y, z ∈ T.
Let x (α,β) • y (α,β) •z (α,β) ∈ A but x (α,β) • y (α,β) •z (α,β) = (xyz) (α∧α∧α,β∨β∨β) = (xyz) (α,β) implies that (xyz) (α,β) ∈ A. Then µ A (xyz) ≥ α and ν A (xyz) ≤ β which implies that max{µ A (x), µ A (y), µ A (z)} ≥ α and min{ν A (x), ν A (y), ν A (z)} ≤ β. Then (µ A (x) ≥ α or µ A (y) ≥ α or µ A (z) ≥ α) and (ν A (x) ≤ β or ν A (y) ≤ β or ν A (z) ≤ β) implies that (µ A (x) ≥ α and ν A (x) ≤ β) or (µ A (y) ≥ α and ν A (y) ≤ β) or (µ A (z) ≥ α and ν A (z) ≤ β) implies that x (α,β) ∈ A or y (α,β) ∈ A or z (α,β) ∈ A. Hence A is a prime ideal of T.
Conversely, we suppose that A is a prime ideal of T. Let µ A (xyz) = α and ν A (xyz) = β. Then x (α,β) •y (α,β) •z (α,β) = (xyz) (α,β) ∈ A implies that x (α,β) ∈ A or y (α,β) ∈ A or z (α,β) ∈ A,(as A is a prime ideal of T). Which implies that (µ A (x) ≥ α and ν A (x) ≤ β) or (µ A (y) ≥ α and ν A (y) ≤ β) or (µ A (z) ≥ α and ν A (z) ≤ β) i.e. (µ A (x) ≥ α or µ A (y) ≥ α or µ A (z) ≥ α) and (ν A (x) ≤ β or ν A (y) ≤ β or ν A (z) ≤ β) i.e. max{µ A (x), µ A (y), µ A (z)} ≥ α and min{ν A (x), ν A (y), ν A (z)} ≤ β implies that max{µ A (x), µ A (y), µ A (z)} ≥ α = µ A (xyz) and min{ν A (x), ν A (y), ν A (z)} ≤ β = ν A (xyz) i.e. max{µ A (x), µ A (y), µ A (z)} ≥ µ A (xyz) and min{ν A (x), ν A (y), ν A (z)} ≤ ν A (xyz). Since A is a prime ideal of T, so A is an ideal of T and by Lemma 4.5, A = (µ A , γ A ) is an intuitionistic fuzzy ideal of T. Then µ A (xyz) ≥ max{µ A (x), µ A (y), µ A (z)} and ν A (xyz) ≤ min{ν A (x), ν A (y), ν A (z)}, for all x, y, z ∈ T.
Hence we have µ A (xyz) = max{µ A (x), µ A (y), µ A (z)} and ν A (xyz) = min{ν A (x), ν A (y), ν A (z)}, for all x, y, z ∈ T. Which implies that A = (µ A , γ A ) is an intuitionistic fuzzy prime ideal of a ternary semigroup T.
